OBJECTIVE. We examined the feasibility, tolerability, and preliminary efficacy of repetitive task-specific practice for people with unilateral spatial neglect (USN).
. Given the significant role of USN in poststroke disability, effective interventions that address USN have the potential to greatly reduce stroke-associated costs and disability.
Repetitive task-specific practice is a promising intervention to address impaired upper-extremity use, impaired upper-extremity function, and inattention. This intervention encourages high-intensity functional motor task practice using the impaired upper extremity. Robust evidence has suggested that it is effective in promoting improved upperextremity use and function after stroke (Birkenmeier, Prager, & Lang, 2010; Taub et al., 2006; Wolf et al., 2006) . A recent evidence-based review that is part of the American Occupational Therapy Association's EvidenceBased Practice Project supports the use of repetitive taskspecific practice to improve occupational performance of people with motor impairments after stroke (Nilsen et al., 2015) . Despite the evidence to support the use of this intervention, however, people with USN have largely been excluded from studies.
Neurobiological, conceptual, and anecdotal factors support the efficacy of repetitive task-specific practice to improve upper-extremity use and function and attention in people with USN; however, the evidence is limited. Two studies showed that behavioral therapies that require active movement of the affected upper extremity, and thus share some of the same intervention components with repetitive task-specific practice, may improve attention in people with USN (Kalra, Perez, Gupta, & Wittink, 1997; Robertson, McMillan, MacLeod, Edgeworth, & Brock, 2002) . Similarly, two post hoc analyses that examined small subsamples of people with USN suggested that repetitive task-specific practice may improve upper-extremity use and function (Grattan & Skidmore, 2011; van der Lee et al., 1999) . Only one prospective study has examined a repetitive taskspecific practice program for people with USN. This program, delivered by occupational therapists, found that participants demonstrated improved attention (Wu et al., 2013) . However, the intensity of practice was not specified; therefore, it is unclear whether an intensive program is feasible and tolerable for people with USN.
Collectively, these studies support repetitive taskspecific practice for addressing the sequelae of USN (i.e., impaired upper-extremity use, impaired upper-extremity function, and inattention). However, the effect of this intervention on the sequelae of USN has not been examined. In addition, no studies have robustly examined the effectiveness of repetitive task-specific practice in people with USN, partly because of questions regarding whether rigorous repetitive task-specific practice is feasible and tolerable for this population.
We conducted a prospective pilot study that examined a 6-wk individualized, progressive repetitive task-specific practice program for people with chronic poststroke USN. The primary purpose was to examine the feasibility and tolerability and the secondary purpose was to examine the preliminary effects of repetitive task-specific practice on upper-extremity use, upper-extremity function, and attention. We predicted that it would be feasible and tolerable for people with USN to participate in the repetitive task-specific practice program. We used the following indicators to establish feasibility and tolerability: for feasibility, recruitment and retention of ³95% of the targeted sample size (n 5 20) for the entire protocol; for tolerability, little or no adverse effects (i.e., pain) reported by ³90% of participants and satisfaction scores of acceptable to high reported by ³90% of participants.
Method

Study Design
We conducted a single-group, repeated-measures, collaborative multisite pilot study. This design aligned with our research questions and could appropriately examine the feasibility, tolerability, and preliminary efficacy of an intervention.
Participants
Participants were recruited between June 2012 and December 2013 from two academic health centers and their respective research registries and from local stroke support groups. All procedures were approved by each institution's institutional review board, and all participants or designated proxies provided informed consent.
Participants were eligible if they met the following five criteria: (1) age ³18 yr, (2) primary diagnosis of unilateral upper-extremity paresis after stroke ³6 mo before the study, (3) presence of USN (impairment on ³1 of the conventional subtests of the Behavioral Inattention Test; Wilson, Cockburn, & Halligan, 1987) , (4) mild to moderate upper-extremity paresis (defined by Motricity Index scores of 48-92; Collin & Wade, 1990) ; and (5) English speaking. Participants were excluded if they had severe aphasia (i.e., unable to follow one-step directions 80% of the time) or were receiving concurrent therapy for the affected upper extremity. Other pilot studies have established tolerability and feasibility using a sample size of £20 participants (Birkenmeier et al., 2010; Waddell, Birkenmeier, Moore, Hornby, & Lang, 2014) ; therefore, our goal for this study was to recruit 20 participants.
Measures
Assessments were administered to determine participant baseline conditions (Table 1 ). In addition, a battery of assessments was administered before and after intervention by two independent evaluators trained to competency in the administration and scoring of each measure. Interrater reliability was established for all measures (intraclass correlation coefficient, ³.95), and the evaluators were blinded to the aims of the study.
Baseline Measures. We administered the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS; Randolph, Tierney, Mohr, & Chase, 1998) to assess baseline cognition. The RBANS is a battery of neuropsychological tests designed to assess attention, immediate recall, delayed recall, language processing, and visuospatial and constructional processing. We used age-adjusted total index scores to describe the sample. Age-adjusted scores have a mean of 100 and a standard deviation of 15 (Randolph et al., 1998) ; therefore, scores <85 indicate impaired cognition. The National Institutes of Health Stroke Scale (Brott et al., 1989 ) was used to measure stroke severity. Ratings from its 13 items were summed to describe the sample, with higher scores indicating greater neurological impairment. The Patient Health Questionnaire-9 (Kroenke, Spitzer, & Williams, 2001) was used to measure depressive symptoms and severity. Each of its 9 items is scored on a scale from 0 to 3, and the item scores are summed. Higher scores indicate greater depressive severity.
Feasibility Measure. We assessed feasibility by examining the total percentage of sessions that participants attended (18 sessions scheduled) and the mean number of repetitions completed (with the goal of ³300 repetitions per session) during the intervention sessions. The eightitem Client Satisfaction Questionnaire-8 (CSQ-8; Nguyen, Attkisson, & Stegner, 1983 ) was used to evaluate participants' satisfaction with the intervention. Each item is scored on a scale from 1 to 4, and item scores are summed. Total scores on the CSQ-8 range from 8 to 32, with higher scores indicating greater satisfaction. We used the total score to assess satisfaction by calculating the percentage of participants who reported total satisfaction scores of acceptable to high (i.e., CSQ-8 total score of 24-32).
Tolerability Measure. We measured tolerability by assessing pain in the affected upper extremity. Participants were interviewed at the beginning and end of each session using the Wong-Baker FACES Pain Rating Scale (Wong & Baker, 1988) . Pain scores ranged from 0 to 10, with higher scores indicating greater pain (i.e., 0-2 points 5 no/mild pain, 3-6 points 5 moderate pain, and 7-10 points 5 severe pain; Kelly, 2001) . Side effects (i.e., an increase in pain) were identified by comparing participant responses before and after intervention. We calculated the percentage of participants who reported side effects and collected descriptive data on side effect number, type, and severity. We also calculated the mean change score for each session and for all sessions combined. We examined each session to determine whether participants experienced an increase in pain and whether that increase was an adverse event, that is, an increase from a lower pain category to a higher one.
Secondary Outcome Measures. We used the Motor Activity Log (MAL; Uswatte, Taub, Morris, Light, & Thompson, 2006) , the Action Research Arm Test (ARAT; Lyle, 1981) , and the Catherine Bergego Scale (CBS; Azouvi, 1996) as secondary outcome measures of preliminary efficacy. The MAL is a self-report measure of the amount of use of the impaired upper extremity during 30 activities of daily living . Each activity is scored on a scale that ranges from 0 (did not use weaker arm for activity) to 5 (used weaker arm as much as did prestroke). Higher mean scores indicate greater upperextremity use.
The ARAT measures upper-extremity grasp, grip, pinch, and gross movement through 19 items (Lyle, 1981) . Each item is scored on a scale that ranges from 0 to 3, yielding a total score of 0-57. Higher scores indicate better function. We used the summed total score for hypothesis testing. The CBS measures USN through observation of 10 activities, such as eating, grooming, and mobility (Azouvi, 1996) . Each item is scored on a 4-point scale, yielding a total score of 0-30. Higher scores indicate greater USN. We used the summed total score for hypothesis testing.
Intervention
Intervention sessions were delivered by experienced occupational or physical therapists who were trained to administer the manualized intervention. The intervention was an existing protocol developed to provide a rigorous and standardized repetitive task-specific practice program to people with chronic stroke (Birkenmeier et al., 2010; Lang & Birkenmeier, 2013) . This individualized, progressive program involves high doses of repetitive training in functional tasks for the impaired upper extremity. It was administered 3 days/wk for 1 hr/day over 6 wk. In each 1-hr session, the participant's goal was to achieve at least 300 repetitions of practice for each of three therapist-selected tasks (Birkenmeier et al., 2010; Lang & Birkenmeier, 2013) . The research therapist graded the tasks (according to procedures in Birkenmeier et al., 2010) for each participant throughout the 6-wk intervention by increasing or decreasing task complexity on the basis of upperextremity function.
Analyses
Study data were collected and managed using REDCap electronic data capture tools (Harris et al., 2009 ) hosted at both academic health centers. We analyzed data using IBM SPSS Statistics (Version 21; IBM Corp., Armonk, NY). Descriptive analyses were conducted for all variables. To assess the preliminary effects of the program, we conducted paired t tests or nonparametric Wilcoxon signed-rank tests with Bonferroni corrections to compare baseline and follow-up scores. We also determined the magnitude of the change in the outcome variables after treatment and standard deviation of change with Cohen's d effect size calculations (Cohen, 1988) . Effect sizes were calculated by dividing the change scores by the standard deviations and were interpreted as follows: .20 5 small effect, .50 5 moderate effect, .80 5 large effect (Cohen, 1988) .
Results
Eighty-eight people provided informed consent, but 68 were ineligible (48 people did not have USN, and 11 of these had insufficient motor function; 18 had USN but insufficient motor function; 1 had bilateral hemiparesis; and 1 was participating in concurrent therapy). Twenty participants were enrolled in the study, but 1 participant was lost during follow-up as a result of a change in medical status unrelated to study participation. Therefore, complete data were available for 19 participants. Participant demographic information (Table 1) was collected through interviews.
Feasibility and Tolerability
Participants attended 99.4% of the 18 scheduled sessions. 300 or more repetitions per session. Participants expressed high satisfaction (CSQ-8: M 5 29.5, SD 5 3.1) with the intervention, with 95% reporting moderate to high satisfaction. Minimal changes in pain were reported by participants over the 18 sessions (Wong-Baker FACES Pain Rating Scale: M 5 0.04, SD 5 0.9; Figure 2 ). Given the small data set, the confidence intervals were driven by two outliers on both ends of the scale. One participant demonstrated increases in pain in Sessions 12, 16, and 18. The other participant demonstrated decreases in pain in 8 out of 18 sessions, and these decreases were the largest and most common during the later sessions. Eight participants (40%) experienced an increase in pain in 1 or more sessions. Seven (35%) participants experienced a reduction in pain in 1 or more sessions. Overall, participants experienced an increase in pain in 5% of the sessions and a reduction in pain in 4% of the sessions. Five participants experienced an adverse event in 1 or more sessions. A total of 9 (3%) adverse events occurred over all the treatment sessions. Three participants reported reductions in pain, switching pain categories in at least 1 session. No other adverse events occurred.
Preliminary Efficacy
Secondary outcome data are presented in Table 2 . At baseline, participants reported using their affected upper extremity (MAL Amount of Use Scale: M 5 2.5, SD 5 1.3) rarely to half as much as before stroke. Participants had moderate impairments in upper-extremity function (ARAT: M 5 31.2, SD 5 15.7) and mild impairments in attention (CBS: M 5 6.1, SD 5 4.6). At follow-up, small improvements in upper-extremity use were seen on the MAL Amount of Use Scale. However, the amount of change (p 5 .03) was not statistically significant after Bonferroni correction (p < .05/3 5 .016). Although statistically significant changes were not observed, the lower limit of the 95% confidence interval indicates that the true change could have been as high as 0.7 points (see Table 2 ). Participants continued to report using their affected upper extremity approximately half as much as before stroke. They also showed small but statistically significant improvements on the ARAT and the CBS.
Discussion
Preliminary data from this pilot study suggest that repetitive task-specific practice is feasible and tolerable for people with chronic USN and that they can experience small improvements in upper-extremity use, upper-extremity function, and attention. However, we determined that repetitive task-specific practice may not be generalizable to all people with USN. Although a large percentage of people who were screened had USN, only 53% with USN met the study motor function criterion and were eligible to participate. Thus, approximately half of people with chronic USN may not be able to participate in a repetitive taskspecific practice program because of severe hemiparesis, and other interventions should be explored for them.
Overall, attendance was excellent. All participants attended all 18 sessions except 2 participants, who attended only 17 sessions because they were not present at a scheduled session and did not cancel in advance. Before the start of the study, we determined that uncancelled sessions would not be rescheduled. Although participants completed a high number of repetitions in this study, the mean number of repetitions completed was fewer than the number in a previous feasibility study of people poststroke who did not have USN (repetitions completed: M 5 5,476, SD 5 1,088; Birkenmeier et al., 2010) . The majority of participants (95%) were satisfied with the intervention. Although many participants reported pain in their affected upper extremity at baseline, participants tolerated the sessions well without substantial changes in pain.
Participants with USN demonstrated small but statistically significant improvements in upper-extremity function and attention and less improvement in upper-extremity use. Although these changes were small, the upper limits of the confidence intervals reported suggest that some participants made larger gains and that the intervention used may be efficacious for a portion of the study sample. However, a larger, adequately powered trial that controls for various characteristics (e.g., time since stroke, dominant side affected by stroke) is needed to further investigate the efficacy of the intervention for people with USN.
On the basis of the preliminary findings, several factors may need to be considered when using repetitive task-specific practice for people with USN, including the intervention dose. Higher doses than those used in the current study may be indicated for people with USN. In this study, the participants received 18 hr of unilateral and bilateral training, whereas van der Lee et al. (1999) offered 60 hr of unilateral training (repetitions not reported) to a sample of participants with chronic stroke. Birkenmeier et al. (2010) used the same intervention protocol and number of hours as the current study, but higher doses of repetitions per session were completed (current study: M 5 5,152, SD 5 515.9; Birkenmeier et al., 2010: M 5 5,476, SD 5 1,088) . In both cases, the differences in training (hours, repetitions) may explain the differences between the small effect sizes in our study and the moderate and large effect sizes in the other two studies.
However, differences in the samples may also explain the differences in effect sizes. Participants in both van der Lee et al. (1999) and Birkenmeier et al. (2010) were in the chronic phase of stroke, but only 10% of the participants in the former study had USN and none in the latter study had USN, although the participants in the Birkenmeier et al. (2010) study had lower baseline ARAT scores (M 5 21.7, SD 5 3.3) than our participants (M 5 31.2, SD 5 15.7). In the current study, participants were encouraged to perform as many repetitions as possible (following Birkenmeier et al.'s protocol), thus suggesting that they performed what they could tolerate or could complete in an hour-long session. If true, perhaps a combination of more hours and high repetitions may be needed for people with USN to obtain the same level of gains as in van der Lee et al. (1999) and Birkenmeier et al. (2010) .
Consideration of measurement issues may be needed in future studies and may be a limitation of our study. In this study, we used physical measures and performance observation to assess upper-extremity function and attention. In addition, we used the MAL Amount of Use Scale, which is a self-report instrument. Because the sequelae of stroke may affect a person's ability to accurately reflect on the amount of use of their affected extremity, self-report measures may be subject to bias. Therefore, a more objective measure may be more appropriate. For example, accelerometers may provide a more accurate measure of upper-extremity activity and use, although they have some limitations (e.g., use compliance; Bailey & Lang, 2013) .
We used the CBS-one of the only assessments that examines USN in the context of activities of daily living-as a secondary outcome (attention). Although this assessment is more relevant than pencil-and-paper assessments, we believe that the CBS may not contain sufficiently difficult items and that more complex instrumental activities of daily living may be more relevant, particularly for community-dwelling people with chronic USN. Future studies should examine the ability of the CBS to comprehensively reflect attention in performance of daily activities for people with chronic USN. The intent of this study was to test the feasibility and tolerability of repetitive task-specific practice in people with USN; therefore, it cannot detect the true effect of the intervention used. However, now that the feasibility and tolerability of the intervention have been established, a larger study that is adequately powered to detect the true effects of the intervention can be designed.
Implications for Occupational Therapy Practice
The results of this study have the following implications for occupational therapy practice:
• Repetitive task-specific practice is feasible and tolerable for people with chronic USN and hemiparesis.
• People with USN may benefit from participating in a repetitive task-specific practice program.
• Occupational therapy practitioners may consider using an intensive, individualized repetitive task-specific practice program for people with USN.
Conclusion
We demonstrated the feasibility and tolerability of repetitive task-specific practice for people with chronic USN. In addition, participants experienced small, but statistically significant, gains in upper-extremity function and attention and less improvement in upper-extremity use. Our data suggest that repetitive task-specific practice may be a promising intervention for people with USN, but further examination is necessary to determine efficacy. Therefore, the findings of this pilot study may be useful in informing future trials of interventions for people with USN poststroke. s
